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Transgenic rabbits have become a useful model organism for genomic analyses, the study of gene expression and regulation of recombinant human proteins and enzymes (FAN & WATANABE 2003) . Random integration of a transgene after pronuclear microinjection can disrupt the function or regulation of an endogenous gene, resulting in chromosomal aneuploidy (GOEPFERT et al. 2000) . PARKANYI et al. (2004) suggest that the level of aneuploid cells in mammals is genetically determined.
In rabbits, the rate of aneuploidy depends on the origin of the tissue ranging from 5% in in vitro fertilized oocytes (ASAKAWA et al. 1988) , 16-18% in blood cells (PARKANYI 1981) , 35% in bone marrow (PARKANYI 1981) , up to 56-83% in IVF and cloned embryos (SHI et al. 2004) . PARKANYI et al. (2004) analysed transgenic rabbits with integrated hFVIII gene and observed a significantly higher rate of aneuploidy in c-metaphase spreads of peripheral blood lymphocytes in transgenic individuals (62%) as compared to non-transgenic ones (33%). Chromosomal instability was also shown for bone marrow cells derived from transgenic rabbits from F2 and F3 generations (MARTINIAKOVA et al. 2005) . As previously pointed out, studies on transgenic animals should also focus on the evaluation of chromosomal aneuplody, which may have serious consequences on health, fertility or yield in trangenic animals.
The objective of this study was to compare the chromosomal aneuploidy rate of transgenic and non-transgenic rabbits derived from the F4 generation with the same genetic background.
Material and Methods

Biological material
Two lines of transgenic (mWAP-hFVIII gene construct, CHRENEK et al. 2005 ) and non-transgenic offspring (F4 generation), each from the same litters, were produced by breeding transgenic females no.1-3-5 with a non-transgenic male (line I) and transgenic females no. 1-9-7 with a transgenic male (line II). Altogether 5 transgenic and 3 nontransgenic rabbits from line I and 5 transgenic and 2 non-transgenic rabbits from line II, each about 9 months old, were analysed.
The animals were housed in individual flatdeck wire cages, under a constant photoperiod of 14 h of day-light. The temperature and humidity of the building were recorded continually by means of a thermograph positioned at the same level as the cages. The rabbits were fed ad libitum with a commercial diet and water was provided ad libitum with nipple drinkers. The breeding conditions were similar to intensive industrial conditions.
Detection of transgene
Total DNA was isolated from the ear tissue of newborn rabbits. Conditions for PCR amplification of the hFVIII transgene were the same as reported by CHRENEK et al. (2005) , using primers hFVIII-F: 5'-GTA GAC AGC TGT CCA GAG GAA-3' and hFVIII-R: 5'-GAT CTG ATT TAG TTG GCC CAT C-3', which define a 578 bp region of human FVIII cDNA.
Chromosome preparation
Samples of bone marrow cells for cytogenetic analysis were taken from transgenic and nontransgenic rabbits, as described by PARKANYI (1981) . Briefly, bone marrow cells were flushed from diaphysis of femur by TCM 199 (Gibco BRL). Cells were resuspended and incubated in TCM 199 + 0.25 Fg/ml colcemid (Life Technologies) at 37 o C for 40 min. After the incultivation, the cells were subjected to 45-50 min hypotonic treatment with potassium chloride (0.075 M) and fixations in modified Carnoy´s solution (3:1, methanol: acetic acid). Resuspended cells were then spread on frozen glass microslides, air-dried, and stored unstained at room temperature, or stained for 10 min with a 2% Giemsa solution. Stained microslides were observed under a Leica microscope. The chromosomal analysis was carried out from chromosome microphotographs, using 30 C-metaphases for each rabbit according to the international standard for rabbit (Committee for the Standardized Karyotyping of the Domestic Rabbit, 1981).
Statistics
The P 2 test was used to compare the chromosomal aneuploidy of bone marrow cells in transgenic and non-transgenic rabbits.
Results
In this study we focused on chromosomal aneuploidy evaluated from the bone marrow lymphocyte cells. No significant differences in chromosomal aneuploidy rate between transgenic (61 and 70%) and non-transgenic (51.27 and 61.4%) rabbits either from line I or line II were observed. A significant difference (P<0.05) in chromosomal diploidy between transgenic and non-transgenic rabbits of line II was found ( Table 2 ). Most of the aneuploidy was attributable to the category of hypodiploid cells, whereas the frequency of hyperdiploid cells was significantly lower (Table 1 , 2). Transgenic rabbits exhibited lower numbers of diploid somatic cells than non-transgenic rabbits. Polyploid cells occured sporadically in both groups of rabbits.
Discussion
As reported previously, chromosomal aneuploidy can result from meiotic and mitotic nondisjunction events (GOEPFERT et al. 2000 , SHI et al. 2004 or it may come from genetic manipulations. PARKANYI et al. (2004) reported that the level of aneuploidy increases with animal age. A low level of chromosomally abnormal cells is not thought to be detrimental, because these cells can be eliminated in early development or diverted to extraembryonic structures (WARD et al. 1993) . In this experiment transgenic rabbits were characterized by a higher frequency of aneuploidy depending on line as compared to non-transgenic ones. A relatively higher rate of numerical aneuploidy in our transgenic rabbits from line II compared to the transgenic ones from line I may be explained by their differential genetic background. Transgenic offspring from line II were derived from a transgenic female bred with a transgenic male. In line I the male used for breeding was non-transgenic. Most of the aneuploidy was caused by hypodiploid cells, the frequency of hyperdiploid cells was lower, as shown in the study carried out by PARKANYI et al. (2004) . On the other hand, nontransgenic rabbits had a higher rate of diploid somatic cells. Polyploid cells occured sporadically in both groups of rabbits. The rate of aneuploidy in different studies also varied depending on the cell source. Significant differences in the numbers of aneuploid and diploid cells between transgenic (70 to 80%) and non-transgenic rabbits (40-56%) from F2 and F3 generations were previously shown, but without deleterious effects on health or reproduction (MARTINIAKOVA et al. 2005) . PARKANYI et al. (1981) reported lower aneuploidy (35%) from bone marrow cells of non-transgenic rabbits in comparison to our results. A significantly high numerical chromosomal aneuploidy rate was detected by PARKANYI et al. (2004) from c-metaphase spreads of peripheral blood lymphocyte of transgenic rabbits (about 60%) of F1 generation as compared to non-transgenic ones (about 35%) without any negative effect on their health or reproduction. The higher rate of aneuploidy recorded by in this study in transgenic and nontransgenic rabbits may be explained by the different transgene integration in the genomes of two mothers (female no. 1-3-5, line I) as one copy and more copies (female no. 1-9-7, CHRENEK et al. 2006) . We suggest that a higher level of aneuploidy was caused by the older age of slaughtered animals (8-9 months), reported also by PARKANYI et al. (2004) . Other possible factors such as defective centromeres, abnormal centrosomes or the loss of mitotic checkpoints (GOEPFERT et al. 2000) may have a serious effect on the aneuploidy level. It is also known that older animals exhibit higher chromsomal aneuploidy, which may be explained by lower cell osmoresistence leading to the elimination of chromosomes during the process of chromosome sample preparation. High chromosomal aneuploidy was also shown in the rabbit embryo. AUSTIN (1967) reported a 63% frequency of aneuploidy detected in rabbit blastocysts. SHI et al. (2004) found 83% aneuploidy in rabbit embryos derived from cumulus cell nuclear transfer and 56% in in vitro fertilized ones. KARP and SMITH (1975) reported that 46.4% of oocytes cooled to 23 o C had abnormal numbers of chromosomes. These confirm the clear influence of temperature on in vitro cultured oocytes which may have an adverse effect on newborn individuals.
In conclusion, these results confirm higher chromosomal aneuploidy in transgenic rabbits from F4 generation compared with previous reports from F1, F2 and F3 generations.
